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SPECIFICATION 



METHOD FOR MEASURING THIOL GROUP-CONTAINING COMPOUND 

Field of the Invention 

The present invention relates to a convenient method for measuring a thiol 
group-containing compound and a thin membrane used for said method. 

BackgrotmdArt 

Thiol group-containing compounds have various functions attributable to 
reactivity of thiol groups. Accordingly, they are utilized in chemical industries, and 
they also play important roles in a living body such as glutathione, coenzyme A and so 
forth. For detection and quantitative assay of trace amounts of thiol 
group-containing compounds, methods having been applied so far include methods of 
direct measurement using separation and analysis means such as gas chromatography 
and liquid chromatography, or methods comprising the steps of reaction with a 
compound reactive to a thiol group such as maleimide derivatives, and then 
modification with a readily detectable compound such as a fluorescent dye and 
detection of the resulting compound. However, these methods have problems in that 
they require large-scale apparatuses or need afcills for operation. Therefore, it has 
been desired to develop a method for easily and accurately measuring thiol 
group-containing compounds contained in biosamples in chemical laboratories, test 



Disclosure of the Invention 

An object of the present invention is to provide a method for conveniently and 
accurately measuring a thiol group-containing compound. More specifically, the 
object of the present invention is to provide a method for conveniently and accurately 
measuring a thiol group-containing compound, for example, alkylmercaptans, 
aryimercaptans, amino acid derivatives such as cysteine and glutathione, proteins 
containing free thiol groups and so forth. Another object of the present invention is to 
provide a method for measuring a thiol group-containing compound which has the 



facilities, clinical situations and so forth. 
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aforementioned characteristic features and is capable of accurately deteraiiiimg 
intratissular localization of said compounds which are derived from cancer cell^ 
localized in test tissues. A further object of the present invention is to provide a thin 
membrane used for the aforementioned method for measurement of a thiol 
group-containing compound. 

The inventors of the present invention conducted researches to achieve the 
foregoing objects, and as a result, they found that, when a solution or a living tissue 
slice which contains a thiol group-containing compound was closely contacted with a 
thin membrane comprising microparticles of a substance selected from the group 
consisting of a metal and a metal compound together with a hydrophilic binder, the 
thiol group-containing compound contained in the solution or the living biological 
tissue slice interacted with the substance selected from the group consisting of a metal 
and a metal compound to cause color change such as change of color tone and 
coloration, and that the thiol group-containing compound contained in the sample was 
conveniently and accurately measurable by detecting the color change through visual 
observation, under optical microscope, or by spectroscopic means or the like. The 
inventors also found that detection ability of the aforementioned thin membrane was 
further improved by adding a crosslinking agent to the aforementioned thin membrane. 
The present invention was achieved on the basis of these findings. 

The present invention thus provides a method for measuring a thiol 
group-containijag compound, which comprises the steps of: 

(1) contacting a sample containing a thiol group-containing compound with a thin 
membrane comprising a microparticle of a substance selected from the group 
consisting of a metal and a metal compound and comprising a hydrophilic binder, and 
<2) detecting a color change on the thin membrane resulting from interaction of the 
thiol group-containing compound and the microparticle. 

The following methods are examples of preferred embodiments of the 
aforementioned method of the present invention. 

® A method for measuring a thiol group-containing compound which 
comprises the steps of: 

(1) dropping a solution containing a thiol group-containing compound onto a thin 
membrane comprising a microparticle of a substance selected from the group 



consisting of a metal and a uaetal compound and comprising a hydropkilie binder, 

(2) optionally drying the dropped solution, and then subjecting the thiol 
group-contaiuing compound in the solution to interact with the microparticle, and 

(3) detecting a color change on the thin membrane resulting from^the interaction of the 
thiol groiip-coiJ^taining compound and the microparticle. 

In the aforementioned embodiment, the step (2) is usually performed by 
leaving the thin membrane under saturated humidity at a temperature of from room 
temperature to 70T) for several minutes to several hours, 

<|) A method for measuring a thiol group-containing compound which 
comprises the steps of; 

(1) contacting a frozen slice of a biosample with a thin membrane comprising a 
microparticle of a substance selected from the group consisting of a metal and a metal 
compound and comprising a hydrophilie binder and a crossllnking agent, 

(2) subjecting the thiol group-containing compound in the biosample to interact with 
the microparticle^ and 

(3) detecting a color change on the thin membrane re$ulting from the interaction of the 
thiol group-contaixdng compound and the microparticle. 

In the aforementioned embodiment, the step (2) is usually performed by 
leaving the thin membrane, on which the slice is placed, under saturated humidity at a 
temperature of from room temperature to 7QX: for several minutes to several hours. 

® A method for measuring a thiol group-containing compound which 
comprises the steps of: 

(1) subjecting a solution containing a thiol group-containing compound to be absorbed 
into an absorptive medium, 

(2) contacting the medium containing the absorbed solution with a thin membrane 
comprising a microparticle of a substance selected from the group consisting of a metal 
and a metal compound and comprising a hydrophilie binder, 

(3) subjecting the thiol group-containing compound in the solution to interact with the 
microparticle^ and 

(4) detecting a color change on the thin membrane resulting from the interaction of the 
thiol group-containing compound and the microparticle. 

In the aforementioned embodiment, the absorptive medium used in the step 



(1) may be, for example, paper, microfilter, gelatin film or the like, and the step (Z) is 
usually performed by leaving the thin membrane under saturated humidity at a 
temperature of from room temperature to 7QV for several minutes to several hours. 

As a preferred embodiment of the aforementioned method of the present 
invention^ there is provided the aforemeixtioned method wherein the thiol 
group-containing compound is selected from the group consisting of alkylthiols, 
aryltMob, amino acids and derivatives thereof, peptide compounds, and proteins. As 
a preferred embodiment of the aforementioned method of the present invention, there 
is provided the aforementioned method wherein the biosampie i$ a sample isolated or 
collected from a mammal including human, more preferably, blood, blood plasma, blood 
serum, cancer tissue slice, gingival crevice exudate, destructive morbid tissue dice, or 
destructive morbid tisane extract (for example, rheumatic morbid tissue extract, 
alveolus blennorrhoea tissue extract and the like). There are also provided the 
aforementioned method wherein the metal or a metal that constitutes the metal 
compound is selected from the group consisting of metals of the 2nd period, 3rd period, 
4th period, 5th period, and 6th period of the periodic table of elements; and the 
aforementioned method wherein the metal or a metal that constitutes the metal 
compound is selected from the group consisting of metals of Group VIb, Group Vllb, 
Group VIII, Group lb, Group lib, Group Via and Group Vila in the periodic table of 
elements. 

According to another aspect of the present invention, there is provided a thin 
membrane used for measurement of a thiol group-containing compound, which 
contains microparticles of a substance selected from the group consisting of a metal 
and a metal compound, and hydrophilic colloids. According to a preferred 
embodiment of the thin membrane of the present invention, the aforementioned thin 
membrane which further contains a crosslinking agent is provided- This thin 
membrane i$ characterized by development of color change resulting from interaction 
of the thiol group-containing compound and the substance selected from the group 
consisting of a metal and a metal compound. As preferred embodiments thereof, there 
are provided the thin membranes for measurement of a thiol group-containing 
compound which are defined in the aforementioned methods (D through ©. 
According to further preferred embodiments of said thin membranes, there are 



provided the aforementioned thin membranes wherem the thin membran6$ are formed 
on a flat surface of a support such as object glass and polyethylene terephthalate film; 
and the thin membranes wherein an undercoat layer is provided between the thin 
membrane and the support. 

Best Mode for Carrying out the Invention 

The methods for measioj-ing a thiol group-coxxtaining compound according to 
the aforementioned embodiments basically comprise a step of contacting a sample 
containing a thiol group-containing compound as an object of the measurement with a 
thin membrane comprising microparticle$ of a substance selected from the group 
consisting of a metal and a metal compound together with a hydrophilie binder (first 
step), and a step of detecting change of a surface of the thin membrane resulting from 
interaction of the thiol group-containing compound and the microparticles of a 
substance selected from the group consisting of a metal and a metal compound (secoxid 
step). The methods of the present invention have characteristic features in that they 
enable convenient measurement utilizing a biosample $uch as a tissue slice and an 
exudate, and that they achieve high detection accuracy and enable highly sensitive 
measurement of thiol group-containing compounds even under an optical microscope or 
by means of an ordinary spectroscopic apparatus. Types of the thiol group-containing 
compouijd are not particularly limited, and any compounds having one or more thiol 
groups may be measured. Examples of the thiol group-containing compound include, 
but not limited thereto, alkylthiols (for example, methylmercaptan, ethylmercaptan 
and the like) arylthiols (for example^ thiophenol, thionaphthalene, benzylmercaptan 
and the like), amino acids or derivatives thereof (for example, cysteine, glutathione 
and the like), peptide compounds (for example, cysteine residue-containing dipeptide 
compounds, tripeptide compounds, tetrapeptide compounds, oligopeptide compounds 
containing five or more amino acid residues and the like), proteins (for example, 
globular proteins in which cysteine residues are exposed on their surfaces and the like) 
and so forth. 

The term ^measurement" used herein should be most broadly interpreted so as 
to encompass any measurement which can provide any information concerning 
existence of a thiol group-containing compound, iixcluding qualitative and quantitative 



xReasurements. When tfae measxirement is perfomed according to the method of the 
present invention^ if a thiol group-containing compound is contained in a sample, the 
compound intetacts with the microparticles of a substance selected from the group 
consisting of a metal and a metal compound contained in the thin membrane, and as a 
result, a detectable color change arises on the thin membrane. The term "interaction" 
used herein includes various physicochemical and/or chemical interactions which occur 
between a thiol group-containing compound and a colloid comprising a substance 
selected from the group consisting of a metal and a metal compound, and the term 
should be most broadly construed so as to include, for example, formation of a complex 
or a salt, adsorption, chemical bonding and the like. Moreover, the term also 
encompasses interaction between a substance prodnced by an enzymatic action, e.g., a 
substrate after decomposition by the action of a protease, and a substance selected 
form a metal and a metal compound. 

The color change caused on the thin membrane may be of any type of change. 
For ejcample, the change may be coloring, decoloration, color tone change or the like. 
The change may also be spectral change observable in an ultraviolet range or a near 
infrared ray range. The color change may be a sole change or a combination of two or 
more changes. The change may be a color change detectable with any one of various 
measurement techniques available to those skilled in the art, for example, absorbance 
mea$urement of a reflected or transmitted ultraviolet ray or visible ray, microscopic or 
visual observation thereof and so forth, or detectable with any combination of two or 
more of these measurement techniques. 

As for the substance selected from a metal and a metal compound, the metal 
compound may be either an inorganic metal compound or an organometallic compound. 
Examples of the metal compound include, for example, oxides, chlorides, bromides, 
complexes having an organic compound as a ligand and so forth- For example, the 
metal or a metal that constitutes the metal compound may preferably he selected from 
the group consisting of the 2nd period, 3rd period, 4tfa period, Sth period, and 6th 
period of the periodic table of elements of the long period type, and/or those of Group 
VIb, Group Vllb, Group VIU, Group Ib> Group lib, Group Via and Group Vila in the 
periodic table of elements* Among them, metals belonging to the 4th period, Sth 
period, or 6th period, and Group VIII or Group lb are more preferred, and gold, silver, 



copper, platinum, and palladium are m.o$t preferred. Among these metals, gold, silver 
and platinum are particularly preferred, aM silver is most preferred, Microparticles 
composed of two or more kinds of metals and/or metal compounds may also be u^ed. 
When two or more kinds of substances are used, they may be used as a misture. 
Alternatively, they may be used as an alloy. 

More specifically, the substance selected from the group consisting of a metal 
and a metal compound may be one or more kinds of substances selected from osmium, 
osmium oxide; silver (mean particle size: 0.01 u m, 0.03 ^ m, 0^05 u m), silver oxide, 
silver chloride, silver brojaide, silver iodide, silver acetate, silver alginate, silver 
beh^nate; gold, gold chloride; cobalt, cobalt oxide, cobalt chloride; iron, iron 03;ide, iron 
chloride; platinum, platinum oxide, platinum chloride; palladium, palladium oxide, 
palladiujn chloride; ruthenium, ruthenium oxide, ruthenium chloride; rhodium, 
rhodium oxide, and rhodium chloride. 

Existing states of the microparticles of the substance selected from the group 
consisting of a metal and a metal compound are not particularly limited so far that the 
substances are present in the thin membrane. It is preferred that they are uniformly 
dispersed in the form of a substantially globular micropartiele. Particle size of the 
microparticles is not also particularly limited. For example, mean particle diameter 
may be from 0,001 jxmtol ^ m, more preferably 0.1 m m or less, and most preferably 
0-03 or less. 

As the hydrophaic binder, any materials can be used so long as they are 
dissolvable in water or can swell by absorption of water. Examples of the hydrophilic 
binder include, but not limited thereto, naturally occurring polymers, for example, 
proteins and materials derived from proteins such as gelatin, collagen, casein, 
transferrin, carboxymethyltransferrin, fibronectin, laminin and elastin; 
polysaccharides and materials derived from polysaccharides such as cellulose, 
acetylcellulose, carboxymethylcellulose, starch, agarose, carrageenan, de^rtran, dextrin, 
chitin, chitosan, pectin and mannan; synthetic polymers such as Poval, polyacrylamide, 
polyacrylic acid, polyvinylpyrrolidone, polyethylene glycol, polystyrenesulfonic acid 
and polyarylamine,. copolymers comprising monomers of those polymers, gels produced 
from those polymers and so forth. 

The cros slinking agent used for the production of the thin membrane of the 



present invention may be selected from, for example, those having an action of 
promoting setting of the thin membrane and/or preventing the swell of the thin 
membrane after being produced. The kinds of the wogslinking agents are not 
particularly limited so long as they do not substantially affect the interaction between 
the thiol group-containing compound and the substance selected from the group 
consisting of a metal and a metal compound. Inorganic or organic crosslinking agents 
may be used. For example, crosslinking agents such as chron^ium salts (chromium 
alum, chromium acetate and the like); calcium salts (calciujn hydroxide, calcium 
chloride and the like); aluminum salt (aluminum hydroxide, aluminum chloride and 
the like); aldehydes (formaldehyde, glyoxal, glutaraldehyde and the like); N-methylol 
compounds {dimethylolurea, methyloldimethylhydantoin and the like); dioxane 
derivatives {2,3'dihydroxydioxan6 and the like), compounds functioning by activating 
carboxyl group (calbenium 2-naphthalenesulfonato-l,l-bispyrrolidino-l-chloro, 
pyridinium l-morpholinocarbonyl-3-(aulfonatoaininomethyl) and the like); active vinyl 
compounds (l,3-bisvinylsulfonyl-2-propanol, l,2-bis(vinyl8ulfonylacetamido)ethane, 
bis(vinylsulfonylinethyl) ether, vinyl polymers having vinylaulfonyl groups in their 
side chains, 1.3,5-triacryloyl-hexahydro-3-triazine, bia(vinylsuIfonyl)methane and the 
like); active halogen compounds (2,4-diohloro-6-hydroxy-s-triazine, sodium salt thereof 
and the lite); mucohahogenic acid (mucochloric add, mucophenoxychloric acid and 
the like); isoxazoles; dialdehyde starch; 2-chloro-6-hydroxytriazinylated gelatin or the 
like can be used alone or two or more of them may be used in combination. Among 
then, active vinyl-type crosslinking agents are preferred. Amounts of the crosslinking 
agents to be used are not particularly limited. For example, the agents may be added 
in an amount of 0.1 to 20 mmol, more preferably 0.3 to 10 mmol based on 100 g of the 
hydrophilic binder. 

Samples used for the method of the present invention are not particularly 
limited. For example, the method may be applied to samples whose content of a thiol 
group-containing compound need to be measured durii^ chemical synthesis or 
chemical analysis, or biosamplea isolated or collected from mammals including human 
and so forth. Examples of the biosample include, for example, blood, blood plasma, 
blood serum, tissues, tissue exudates and so forth. More specifically, applicable 
samples include blood-derived samples such as blood, blood plasma, and blood serum. 
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cancer tissues isolated or collected from solid tumor tissues such as those of lung 
cancer, stomach cancer, esophagus cancer, breast cancer and brain tumor by surgical 
operation or histological tissue examination, destructive morbid tissues and exudates 
$uch as synovial membranes and osseous tissues of rheumatoid arthritis patients, and 
alveoiodental membranes and osseous tissues of alveolus blennorrhoea patients, 
crevicular e»:udates of periodontal disease patients and so forth. 

When the sample is a biotissue, for example, a slice having a thickness of 
about 1 to 10 A m, preferably 5 m, can be prepared from a sample quickly frozen in 
liquid nitrogen by using a frozen slice preparation apparatus, and then put the slice on 
the thin meinbrane to have the sample contact with the thin membrane. When blood 
plasma or synovial fluid collected from a rheumatoid arthritis patient is used as a 
sample, about 1 to 30 /z I, preferably 5 to 10 of the sample can be dropped onto the 
thin membrane. When crevicular exudate of a periodontal disease patient is used as a 
sample, an applicable method comprises the steps of inserting a filter paper strip into 
gingival crevice to collect about 5 to 10 1 of crevicular exudate, and then placing the 
filter paper on the thin membrane. After the collection of the crevicular exudate, the 
crevicular exudate may be optionally extracted from the fHter paper by using distilled 
water or a suitable buffer (for example, 50 mM Tris-HCl, pH 7.5, 10 mM CaCla, 0.2 M 
NaCl and the like), and then the extract may be dropped onto the thin membrane. 

The thin membrane of the present invention may preferably be formed on a 
flat surface of a support. Although material and form of the support are not 
particularly limited, the thin membrane may preferably be formed on a transparent or 
translucent support, for example, when the color change is observed under a 
microscope, or change on the surface is observed by spectroscopic means such as 
absorbance measurement or fluorescence measurement. Examples of such a 
transparent or translucent support include, for example, glass, transparent or 
translucent plastic films of polyethylene terephthalate, polycarbonate, polyimide, 
nylon, cellulose, cellulose triacetate and so forth. As glass, objective glass for 
microscopes is preferably used, and a polyethylene terephthalate film is preferably 
used as a plastic film- 
Further, in addition to the transparent or translucent support mentioned 
above, an opaque support may also be used. For example, paper, synthetic paper, 



paper laminated with a synthetic resin ^uch as polyethylene, polypropylene, 
polystyrene, and polyethylene naphthalate, metal plate such as plates made of 
aliitninum, aluminmn alloy, zinc, iron and copper, paper or plastic film laminated or 
evaporated with the metal mentioned above and so forth may be used. In the 
aforementioned embodiment, the support may be colored. However, the supports are 
not limited to those exemplified above so long as they allows formation of uniform thin 
membrane- 

The thickness of the support is not also particularly limited. When glass i$ 
used, the thickness may preferably be approximately that of object glass (e.g., about 2 
to 3 tarn). When a polyethylene terephthalate film is used, the thickness may be 
about 100 to 250 m m, more preferably 150 to 200 fx m, and most preferably about 175 
II m. The thin membrane can be formed as a monolayer or multiple layers on the 
support as mentioned above, and the membrane should be formed so as to give a film 
having a thickness as constant as possible. For example, the membrane may 
preferably be formed to have a thickness of 0,2 to 10 }i m, preferably about 0,5 to 6 
m, after dryness. 

For preparation of the thin membrane, the microparticles of the substance 
selected from the group consisting of a metal and a metal compound, the hydrophilic 
binder, and optionally the crosslinking agent in respective given amounts may be 
added to water or an organic solvent such as methylene chloride, acetone, methanol, 
ethanol or a mixed solvent thereof and dispersed uniformly, and then the dispersion 
obtained may be applied onto a surface of a support and the resulting membrane may 
be dried- As application methods, for example, dip coating, roller coating, curtain 
coating, extrusion coating and so forth may be applied. However, the preparation 
methods of the thin membrane are not limited to these examples. For example, thin 
membrane-forming techniques commonly used in the field of photographic films and so 
forth can be also appropriately used. 

The invention will be further explained wherein colloidal silver is used as the 
substance selected from the group consisting of a metal and a metal compound. In the 
field of silver halide color photographic photosensitive materials, colloidal silvers are 
generally used as yellow coUoidal silver for a yellow filter and black colloidal silver for 
anti-halation, and those colloidal sHvers can be used for the present invention. 
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Orange brown or grayish, brown colloidal silver may also be used in addition to the 
aforementioned examples. Among them, use of yellow colloidal silver having a 
maximum ata3orption wavelength of 400 nm to 500 nm is particularly preferred. 

As methods for preparation of the colloidal silver, applicable methods include 
known methods, for example^ a method utilizing reduction of a $oluble silver salt with 
hydroquinone in a gelatin solution as disclosed in U.S. Patent No, 2,688,60 1^ a method 
utilizing reduction of a hardly soluble silver salt with hydrazine as disclosed in 
German Patent No. 1,096,193, a method utilizing reduction into silver with tannic acid 
as disclosed in U,S. Patent No. 2,921,914, a method of forming silver grains by 
non-electrolysis galvanization as disclosed in Japanese Patent Unexamined 
Publication (Kokail No. 5-134358/1993 and so forth- The method for preparitig yellow 
colloidal silver by the dextrin reduction tecbni<lue of Carey Le disclosed in Weiser, 
^Colloidal Elements", Wiley & Sons, New York, 1933 may also be used. 

When the thin membrane i$ formed on the support, an undercoat layer may be 
provided between the thin membrane and the support surface to improve adhesion of 
the thin membrane and the support. For example, a pol3Tmer or copolymer produced 
by polymerisation of one or more kinds of monomers selected from vinyl chloride, 
vinylidene chloride, butadiene, methacrylic acid, acrylic acid^ itacomc acid, maleic 
anhydride and so forth, or a polymer such as polyethyleneimine, epoxy resin, grafted 
gelatin, cellulose nitrate and so forth may be applied as the undercoat layer- When a 
polyester support is used, the adhesion between the support and the thin membrane 
may sometimes be improved by subjecting the support surface to corona discharge 
treatment, ultraviolet irradiation^ or glow discharge treatment instead of providing an 
undercoat layer. 

The term "thin membrane formed on a siarface of a supporf* or synonyms 
thereof should not be construed to exclude those formed on one or more such undercoat 
layers and/or the treatment on a surface of a support. However, the means for 
improving adhesion between the thin membrane and the support are not limited to 
those mentioned above, and means commonly used in the field of photographic films 
and the like may also be appropriately applied. When the thin layer is composed of 
laminated two or more layers as mentioned above, an intermediate layer may be 
further provided between the laminated layers. The term laminated^ used in the 
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specification should not be coxistrued to limit a membrane in which two layers are 
directly contacted. Means for appropriately providing intermediate layers are 
commonly used, for ezample, in the field of photographic fflms and so forth. 

When the thin membrane is produced, other ingredients such as colorants, 
pigments, antiseptics, stabilizers and so forth may be incorporated in addition to the 
aforementioned ingredients. These ingredients are not particularly limited so long as 
they do not substantially ajffect the interaction between the thiol group-containing 
compound and the substance selected from the group consisting of a metal and a metal 
compound. Any materials may be appropriately chosen and used. 

Modes for carrying out the method of the present invention are not 
particularly limited. For example, contact of the thin membrane and a sample may be 
achieved by, for example, dropping a liquid sample onto the thin membrane, or placing 
a tissue slice on the thin membrane. After optionally drying the liquid sample on the 
thin membrane, the thin membrane may be incubated preferably in a moi$t box, for 
example, at 37"^ for 6 hours or less, preferably 1 hour or less, and more preferably 
about 5 minutes to 30 minutes, or alternatively, at room temperature for 6 hours or 
less, preferably 1 hour or less, and more preferably about 5 minutes to 30 minutes. 

When a thiol group-containing compound i$ contained in the sample, 
interaction arises between the compound and the microparticles of the substance 
selected from the group consisting of a metal and a metal compound in the thin 
membrane, and as a result, a color change such as coloring, decoloration, and color 
tone change occurs. The color change may be detected by suitable means, for example, 
visual observation or observation under a microscope, or spectroscopic measurement 
such as absorbance measurement and fluorescence measurement and so forth. 

According to another embodiment of the method of the present invention, 
localization of a thiol group-containing compound derived from individual cells in a 
tissue can be accurately determined by preparing continuous frozen slices from a 
cancer tissue or the like, preparing an ordinary tissue preparation by 
hematoxylin-eosine staining or the like by using one of substantially contiguous two 
tissue slices, treating the other sample by the measurement mefliod of the present 
invention, and then comparing or contrasting the both observation results. Further, 
when it is desired to determine localization of a thiol group-containing compound in 
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one tissue slice, and desired to simultaneously observe ceD nuclear morphology and so 
forth, a tissue sample may be treated by the jneasweraent method of the present 
invention, and after color change oecurs as a result of the interaction between the 
microparticles of the substance selected from the group consisting of a metal and a 
metal compound in the thin membrane and the thiol groiip-cojitaining compound^ the 
njeiJOibrane may preferably be siibjected to nuclear stainiixg by hematoxylin or the like. 
By applying the aforementioned method, localization of a thiol group-containing 
compound derived from individual cells can be more accurately determined. 

Examples 

The present invention will be explained more specifically with reference to the 
following examples. However, the scope of the present invention is not limited to 
these examples. 

Example 1 

Preparation of thin membrane for measurement of thiol group-containing compound 

(a) Monolayer thin membrane: Preparation of Sample 101 

Acid-treated swine cutis gelatin (15 g) was dissolved in pure water (122 g), and 
the solution was added with colloidal silver and then with l,2-bis(vinylsulfonyl- 
acetamido)ethane {4%, 0-6 ml) as a crosslinking agent The resulting solution was 
coated on object glass by using a wire bar eoater so as to give a uniform membrane 
having a dry thickness of about 7 m, and then dried to obtain a thin membrane. 
The thin membrane was stored at room temperature just before use. Yellow colloidal 
silver was prepared by adding an aqueous solution containing silver nitrate (17 g) to 
an aqueous solution (700 ml) containing dextrin {18 g), which was adjusted to pH 11.0, 
and then adding gelatin to the resulting mixture and washi3:ig the mixture with water 
by the known flocculation method. The mixture was further added with gelatin and 
warmed to GOX^ to give the desired colloidal silver, A coating aid was used for 
application^ if needed, 

(b) Monolayer thin membrane; Preparation of Membranes 102 to 125 

Substances selected from the group consisting of a metal and a metal 

13 



compound, hydrophilic colloids, hardeniiig agents, and supports were changed or 
chosen as shown in Tables 1 and 2 to prepare Membranes 102 to 125 in the same 
manner as in the preparation of Membrane 101. 

(c) Monolayer thin membrane: Preparation of Membranes 126 to 129 

Membranes 126 to 129 were prepared in the same manner as in the 
preparation of Membrane 122 to 125 e:£cept that a slide coater was used instead of the 
wire bar coater for application. Drying was performed at ordinary temperature under 
ordinary humidity, after the membrane was cooled to lO^'C as required. 
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Example 2: Measuremejit of a thiol group-contaijjmg compound using the tliin 
membrane 

(a) Measurement for a sample as a solution 

As liquid samples for measurement of a thiol group-containing compound^ 
solutions containing glutathione at concentration of from 0,1 mmol/L to 1 mmoVL 
were used. Each liquid sample (about 10 u 1) was dropped onto each of the thin 
membranes obtained in Example 1. The thin xnembranes were put into a moist box 
and incubated at 37*C for 1 hour. Then, each thin membrane was evaluated by visual 
inspection. The residts are shown in Table 3 (in the table, degree of color change is 
represented by the following symbols; *: slightly changed, **: weakly changed, ***: 
changed, clearly changed^ and very strongly changed). Visible color 

change was observed in each of the samples. In particular, the tMtl membranes 
containing colloidal silver gave strong red coloring. 

Table 3 



Sample No. 


Color change 


Sample No. 


Color change 


101 


4^ 


116 




102 


«*** 


117 




103 


** 


lis 




104 




119 




105 




120 




106 




121 


**** 


107 


* 


122 




108 




123 




109 


* 


124 




110 




125 




111 




126 




112 




127 




113 




128 




114 


«««« 


129 


**** 


115 
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(b) Measurement for a frozen slice sample of a biotisfiue 

As biosamples, liver aixd spleen extracted from ICR mice were put on surfaces 
of thin membranes of No. 120 to 122 as frozen slicee having a thickness of about 5 n 
m. The thin membranes were put into a moist box and incubated at 37V for 30 
minutes. Evaluation of the activity was performed for each sample by (1) evaluation 
by visual inspection and (2) evaluation of mieroportions under a optical microscope, 
A$ a result, clearly stronger color development was observed for the membranes placed 
with the liver tissue slices than those placed with the spleen tissue slices- When the 
amounts of glutathione contained in the liver and spleen samples were separately 
quantified by high performance liquid chromatography, the amounts were found to be 
9 mmol/kg for the liver and 1 nunol/kg for the spleen, which indicate a higher content 
in the liver and good correlation with the measurement by the thin membranes of the 
present invention- 

(c) Measurement for a cancer tissue 

As test tissue samples, continuous slices each having a thickness of 5 ^ m 
were prepared from a frozen surgical specimen of breast cancer. One of the slices was 
placed on object glass and dried, and then subjected to hematoxylin-eosine staining in 
a conventional manner. The other slices were placed on the gelatin thin membranes 
of Nos. 120 to 122 prepared in Example I, and incubated in a moist box at SlV for 30 
minutes. After the incubation, the thin membranes with the slice gave color changes, 
whilst the color of the other portions remained unchanged. Strong color change was 
observed particularly in cells at peripheries of cancer lesions for all of the cancer 
tissues. The thin membranes of the present invention gave color change precisely in 
the same area as portions diagnosed as cancer cells by the hematoxylin-eosine 
staining. 

Example 3: Measurement of a compound not containing thiol group by using the thin 
membrane (Comparative Example) 

As liquid samples of compounds not containing thiol group, solutions of glycine, 
hiatidine, methionine, cystine, methyl ethyl ketone, and chloral hydrate in water or 
ethanol at a concentration of from 0.1 mmol/L to 1 mmol/L were used. Each sample in 
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an amount of about 10 iU 1 was dropped onto each of the thin membranes of Nos. 117 to 
122 obtained in Example 1, The thin membranes were incubated in a moist box at 
37*C for 30 jninutes, and then evaluatiou by visual inspection wag carried out for each 
of the saniples. As a result, no sample gave significant color change, 

fadustrial Applicabiliiy 

Accordiii^ to the method of the present invention, a thiol gtoup containing 
compound present in a solution or a biotissue can be determined accurately and 
conveniently, and results of evaluation can be obtained in a short period of time. 
Moreover, according to the method of the present invention, a thiol group-containing 
compound can be measured in an extremely small amount of sample. A thiol 
group-containing compound localized in individual cells in a tissue can be measured^ 
and a thin membrane after the jnea^urement can be stored as a preparation for a long 
period of time. 
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What is claimed is: 



1. A method for measuring a thiol group-containing compound, which 
comprises the steps of; 

(1) contacting a sample containing a thiol ^oup-containing compound with a. thin 
membraii^ comprising a microparticle of a substance selected from the group 
consisting of a metal ajxd a metal compound and comprising a hydrophilic binder, and 

(2) detecting a color change on the thin membrane resulting from interaction of the 
thiol group-containing compound and the microparticle. 

2, A method for measuring a thiol group-containing compound, which 
comprises the steps of: 

(1) contacting a sample containing a thiol group-containing compound with a thin 
membrane comprising a microparticle of a substance selected from the group 
consisting of a metal and a metal compound and comprising a hydrophilic binder and a 
crosslinklng agent, and 

(2) detecting a color change on the thin membrane resulting from interaction of the 
thiol group'Containing compound and the microparticle, 

3- The method according to claim 1 ot claim 2, wherein said metal or a metal 
constituting said metal compound is selected from the group consisting of a metal of 
the 2nd period, 3rd period, 4th period, 5th period, and 6th period of the periodic table 
of elements- 

4. The method according to any one of claims 1 to 3, wherein said metal or a 
metal constituting said metal compound is a metal selected from the group consisting 
of a metal of Group VIb, Group Vllb, Group VIII, Group lb, Group lib, Group Via and 
Group Vila in the periodic table of elements. 

5. The method according to claim 3, wherein said metal or the metal 
constituting said metal compound is a metal selected from the group consisting of gold^ 
silver, copper, and platinum^ 

6. The xaethod according to any one of claims 1 to 5, wherein the thiol 
group-containing compound is a compound selected from the group consisting of an 
alkylmercaptan, an aryhnercaptan, an amino acid and a derivative thereof, a peptide 
compound, and a protein. 
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7- The method according to any one of claims 1 to 6, wherein the sample 
containing the thiol group-containing compound is a biosample isolated or collected 
from a mammal including human. 

8. The method according to claim 7, wherein the biosample ia a cancer tissue 

slice, 

9. A thin membrane used for measurement of a thiol group-containing 
componjid, which comprises a microparticle of a substance selected from the group 
consisting of a metal and a metal compound and comprises a hydrophilic binder. 

10. The thin membrane according to claim 9 which further comprises a 
crosslinking agent. 

11- The thin membarane according to claim 9 or claim 10, which generates a 
color change by interaction of the thiol group-containing compound and the 
microparticle. 

12. A thin membrane for use in the method according to any one of claims 1 to 

8. 
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ABSTRACT 



A method for measuring a tWol group-containing compoujid, which comprisea 
the steps of (1) contacting a sample containing a thiol group-containing compound with 
a thin sjeu^brane comprising a micropartide of a substance selected from the group 
consisting of a metal and a metal compound and comprising a hydrophilic binder; and 
(2) detecting a color change on the thin membrane resulting from interaction of th« 
thiol group-containing compound and the mieroparticle, and a thin membrane used for 
said method, A thiol group-containing compound such as an alkylmercaptan or a 
protein containing thiol groups can be conveniently and accurately measured. 
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Declaration and Power of Attorney for Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare fbat: 



My residence, post office address and citizenship are as 
stated next to my name. 



I believe I am Ihe originai, first and sole inventor (if only 
one name is listed below) or an original, far^t and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought 
on the invention entitled 

METHOD OF DETECTING TfflOL-CQNTAINING 



COMPOUKD 



the specification of which is attached hereto unless the 
followiag box is checked: 

B was filed on March 9, 2001 

as United States Application Number or PCT 
Ihtemational Apphcation Number 

09/786,883 (Confirmation No. ) 

and was amended on - 

(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, includmg 
the claims, as amended by any amendment referred to 
above. 



I acknowledge Ihe duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56. 
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I hereby claim foreign priority under Title 35, United States 
Code, § 119(a)-{d) or § 365 (b) of any foreign appiication(s) for 
patent or inventor's certificate, or § 365(a) of any PCT 
Latemational application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on 
which priority is claimed. 



Prior foreign appiication(s) 



Priority Not Claimed 



10/256839 



(Number) 



JP 



(Country) 



09/10/98 



(Day/Month/Year Filed) 



(Number) 



(Country) 



□ 



(Day/Month/Year Filed) 



(Number) 



(Country) 



□ 



(Day/Month/Year Filed) 
(H^m^M B) 

I hereby claim the benefit under Title 35, United States Code, § 
119(e) of any United States provisional application(s) hsted 
below. 



(Application No.) 



(Filing Date) 

immB) 



(Application No.) 



(Filing Date) 

mmB) 



I hereby claim the benefit under Tide 35, United States Code, § 
120 of any United States appHcation(s), or § 365(c) of any PCT 
hitemational application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
Mtemational apphcation in the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, 1 acknowledge 
Sie duty to disclose iiiformation which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1.56 
which became available between the filing date of the prior 
apphcation and the national or PCT International filing date of 
this application. 



(Apphcation No.) (Filing Date) 

Wm^^-) (rtiJBR) 



(Application No.) (Filing Date) 
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(Status)(patented, pending, abandoned) 



(Status)(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize tiie validity of the application or any patent issued 
thereon. 
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POWBR OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith: (list name and 
registration number) 

John H- Mion, Reg. No. Il,£2a^Thomas J. Macpeak, Reg. No . 19.292; Rob ert J. Seas, Jr., Reg. No. 2 L092; Da rryl 
Mexic, Reg. No. ^^il^^^obert V. Sloan, Reg. Mn 7? 77^- P^t^r D. Olexy, Reg. N o. 24,513; J. Frank Osha, Reg. No. 
._JAJ^ Waddell A. Biggart, Reg. No ^ 24,861; L ouis Gubinsky, Reg. No. 24,835; > lei] B. Siegel, Reg. No. 25,200; 
David J, Gushing, Reg. NqL-ZSJOi-John R. Inge, Reg. No..'?6,qi 6; Jeseph J. Ruch, Jr., Reg. No .^26,577; She ldon L 
Landsman, Reg. Nn 410^ Richard C. Turner, Reg. No .-29,71Q; - t oward L. Bemstem, Reg. No . z:> my, Al an J. 
Kasper, Reg. N o. 25,J ^ Kenneth J. Burchfiel, Reg. No. 31,333;^ ordon Kit, Reg. No . 30,764: Sus an J. MacK Reg. 
Na30^95iJFrank L. Bernstein, Reg. No. 3J^484; M ark Soland, Reg. Nq.J2. 197; William H. Mandir, Reg. No. 3_2,156j^ 
Brian W. Hannon, Reg. No. 32.778; Ah ralSm J. Rosner, Reg. No ^,276 ; B ^ a ce E. Kramer, Reg. No. 33,725; Fa ui F. 
Neils, Reg. No. 33,10^ : Brett S. Sylvester, Reg. No. 32 ,765: R^ obert M. Masters, Reg. NgL3 5^03, Ge orge F. Lehnigk, 
Reg. No. J^,3iapJohn T. Callahan, Reg. No 32,607, Steven M. Gruskm, Reg. No.^Bl 8,..Peter A. McKenna, Reg. 
No. 38.551 and Edward F. Kenehan, Reg. No.T8,96~ 
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' SUGHRUE, MION, ZINN, MACP EAK & SEAS, PLLC 

21 00 Pennsvlvan iaAmnue 
Washington, D.C. 20037-3213 



Direct Telephone Calls to: 



(202)293-7060 



Full name of sole or first inventor 
NEMORI, Ryoichi 



Inventor's signature^ 



Date 
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Residence 

c/o Fuji Photo Film, Co., LTD. Ashigara Research 
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Citizenship 
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Post Office Address 
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Full name of second joint inventor, if any 
NISHIGAKI, Junji 



Second inventor's signature 




Date 



M»Y 2001 



Residence 
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Residence 
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